ABSTRACT : Although, one of the etiologies of localized lipodystrophy of the subcutaneous connective tissue (cellulite) is the histological alternation of adipose tissue, the characteristics of expression of the components of extracellular matrix (ECM) components during adipogenesis are not uncovered. In this study, the effects of caffeine and Ishige okamurae originated diphlorethohydroxycarmalol (DPHC) on the expression of extracellualr fibers was analyzed with quantitative RT-PCR during differentiation induction of mouse subcutaneous adipose derived stem cells (msADSC) into adipocyte. The expression levels of Col1a, Col3a1, and Col61a were decreased by the adipogenci induction in a time-dependent manners. However, Col2a mRNA and Col4a1 mRNA expressions were oposit to them. Caffeine and DPHC stimulated the changes of the expression of these collagens. Eln mRNA expression was increased by induction. DPHC stimulated the expression of it. Mfap5 mRNA expression was deceased in both adipogenic cell and matured adipocytes. Caffeine suppressed the expression of Mfap5 but the effect of DPHC was different by the concentration. The expression of bioglycan, decorin, and lumican were also modified by caffeine and DPHC in a concentration-dependent manner. Based on this study, we revealed firstly the effects of caffeine and DPHC on the expression of collagens, elastin, and glycoproteins during adipogenesis of msADSCs. Those results suggest that DPHC may have antiadipogenic effect and has more positive effets on normal adipose tissue generation and work as suppressor the abnormality of ECM structure. Such results indicate that DPHC can be applied in keeping the stability of the ECM of adipogenic tissues.
INTRODUCTION
Mesenchymal cells form adipose tissues in various histological areas during embryo development with various purposes. The physiological roles of these adipose tissues are different by their anatomical sites (Cinti, 2001 ) and the adipose tissues are under the pattern specification (Gesta et al., 2006; Perrini et al., 2008) . Histological changes in dermo-hypodermic tissue are the cause of deformation of the integument. Cellulite is a typical example of deformation of the integument. Such structural changes affect 80-90% of adult female (Pavicic et al., 2006) and has various Manuscript received 2 September 2013, Received in revised form 6 September 2013, Accepted 13 September 2013names such as adiposis edematosa, lipodystrophy, edematofibrosclerotic panniculitis, liposclerosis, dermopanniculosis deformans, status protrusus cutis, gynoid lipodystrophy, nodular liposclerosis, and orange peel syndrome (de la Casa Almeida et al., 2012; Milani et al., 2008) .
Cellulite is the herniation of subcutaneous fat within fibrous connective tissue that manifests topographically as skin dimpling and nodularity, often on the pelvic region, lower limbs, and abdomen (de la Casa Almeida et al., 2012; Rossi & Vergnanini, 2000) .
It is suggested that cellulite is different from obesity because adipocyte hypertrophy and hyperplasia is appeard both of them in physiological status wherease there is structural alterations of the dermis only in cellulite which is accompanied with additional morphological, histochemical, biochemical and ultrastructural modification in cellulite (Bray, 1989; Curri, 1983; de la Casa Almeida et al., 2012) .
The increase the number of adipocytes and the growth of the adipocyte is primary condition for cellulite. During adipose growth, the extracellular matrix requires remodeling (Khan et al., 2009) . It has been detected that women with high BMI and cellulite have weaker and less dense connective tissue in integument (Mirrashed et al., 2004; Ortonne et al., 2008) . Therefore, the alternation of the connective tissue and the increase of the number of adipocytes are suspected as a major physiological factor for cellulite.
Increase the size of fat tissue is depending on the growth of adipocyte and hyperplasia of adipose stem cells. Accumulation of the excess energy into fat cell is charicterized by an increase in white fat. By the accumulation or dissociation of white mass, the adipose tissue has to remodel for reconstruct the characteristic histology. It is associated with remodeling of the extracellular matrix (ECM) and angiogenesis (Hausman & Richardson, 2004) . Primarily the ECM in adipose tissue supports the structure of adipocytes and other cells. It also participates in a various events in cells (Babelova et al., 2009) . Production of ECM proteins and remodeling proteases such as matrix metalloprotease and their inhibitors (TIMPs), and the angiogenic factors is the mediator for the remodeling (Cao et al., 2001; Chavey et 276 Dev. Reprod. Vol. 17, No. 3, September, 2013 Chiellini et al., 2003; Chun et al., 2006) .
The health of cutaneous is important to keep the structure.
There are various treatment models for the disformation of cutaneous. One of the approaches to treatment is the regulation of expression of specific genes. It is currently fully uncovered which extracellular fibril genes are expressed during such a dermal disformation. It has been reported that acid proteoglycans and 2-macroglobulin are abundant in the dimpling skin area (Agache et al., 1976) . During adipogenesis a few of extracellular fibris are expressed. Their expressions are effected by the varoius stimulation such as metabolic stress (Khan et al., 2009) . Numerical pharmacologic agents such as aminophylline and herbal products have been used to prevent or cure the cellulite. The expected main results of these are decrease the size of adipose tissue (Khan et al., 2010) . It has been suggested that the control of expression or modulation of extracellular fibrils is a new approach to suppress the structural changes in cutaneous.
Diphlorethohydroxycarmalol (DPHC) of Ishige okamurae
is suggested as an antioxidant (Heo et al., 2009 ) and inducing substance of apoptosis in 3-T3-L1 preadipocyte (Park et al., 2013) . DPHC also stimulates the expression of cyclooxygenase (COX)-1 and COX-2 in both levles of transcription and translation in HaCaT human cell (Kang et al., 2012) . To understanding the adipogenesis and cellulite, it is important to understanding the expression of ECM fibrils. Put together with the prementioned physiological role of extracellular fibrils and the increase of adipose tissue in the changes of cutaneous, we examined in this study, the effects of DPHC in the expression of extracellular fibrils during adipogenesis of subcutaneous adipose derived stem cells.
MATERIALS AND METHODS

Isolation of diphlorethohydroxycarmalol
DPHC was isolated at Seojin Coorporation according to the established method (Heo et al., 2009 LG) (Gibco, Cat# 31600-026) containing 10% fetal bovine serum (FBS) (Welgene, Cat# S001-07), 100 U/㎛ penicillin, 0.1 ㎎/㎛ streptomycin, and 3.7 ㎎/㎛ sodium bicarbonate.
All of the nucleated cells were plated at 25,000 cells/㎛ density in 10 ㎛ of medium in a culture dish and incu- (Table 1) .
3) Statistical analysis
All quantitative real-time PCR data were subjected to two way ANOVA and Student t-test. Real-time PCR data were corrected for differences in sample loading using the Arbp data as a covariate. A P value of less than 0.05 was considered significant vs. control and caffeine or DPHC treatment groups. (Fig. 3A, Fig. 5A ). In the case of Col2a, its mRNA expression is increased by the induction in the time-dependent manner. Its expression levels were significantly high at day 8 and 14 of adipogenic induction ( Fig. 2A) . Col41a mRNA expression pattern was similar with that of Col2a mRNA expression (Fig. 4A ).
2. Caffeine changes the expression patterns of collagens during adipogenesis of subcutaneous derived adipose stem cell Caffeine, a methylxanthines, is widely used in cellulite therapy (Khan et al., 2010) . Therefoere in this study, it is used as control for DPHC. Col1a1 mRNA expression was dramatically and significantly decreased after adipogenic induction in the all concentration groups as seen in Fig.   1B . The mRNA expression patterns of Col3a1 and Col6a1 were same with that of Col1a1 (Fig. 3B, Fig. 5B ). The patterns of mRNA expression of Col2a1 were different from that of Col1a1. Col12a1 mRNA expression was significantly increased by adipogenic induction in 0.05 mM but its levels were significantly decreased in 0.1 mM caffeine (Fig. 2B) . Col4a1 mRNA expression patterns were similar with that of Col2a1 (Fig. 4B) .
Col2a1 mRNA and Col4a1 mRNA expression was suppressed by caffeine in a dose depenent manners compared with the nontreated experiments (Fig. 2, Fig. 3 ). (Fig. 1C, Fig. 3C ). The expression levels of Col1a1 mRNA were significantly low in 50 ㎛/㎛ DPHC group on day 15 of induction. The expression patterns during adipogenesis were more similar to vehicle control than caffeine groups (Fig. 1) . In Col3a1 mRNA expression, there was no significant difference between caffeine and DPHC in differentiated adipocytes on day 14 of induction ( Fig. 3) . manner. In 10 ㎛/㎛ DPHC, its expression was significantly high on day 8 of induction but its expression was dramatically decreased after then. In 50 ㎛/㎛ DPHC, its expression was similar with that of vehicle control with except on day 8 of induction. Its expression level was significantly low and recovered to the level of vehicle control on day 14 (Fig. 4C) . The tendency of Col6a1 mRNA expression is decrease in the DPHC treatment groups (Fig. 5C ).
The expression levels of Col2a1 mRNA were significantly high in 0.4-50 ㎛/㎛ DPHC groups (Fig. 2) .
4. The patterns of elastin mRNA and microfibrilla associated protein 5 mRNA expressions during adipogenesis and the effects of caffeine and DPHC Eln mRNA expression was significantly increased until day 8 of induction but after then expression levels decreased in in vitro (Fig. 6A) . The expression levels of Eln mRNA were modified by caffeine during adipogenesis. Its expression was not change in 0.05 mM until 14 days of induction.
However, its expression was significantly increased in 0.1 mM caffeine group on 8 days of induction. But its expression level was significantly decreased on 14 days of induction. It showed that the level of mRNA expression of Enl is depending on the stage of adipogenesis (Fig.   6B ). In the case of DPHC, it stimulated the mRNA expression of Eln in all concentration groups (Fig. 6C) .
The expression levels of Eln mRNA were higher than caffeine groups on day 14 of induction ( Fig. 6 ).
It is known that MFAP5 is associated with elastin networks in adipose tissue. Interestingly the expression levels of Mfap5 mRNA were significantly low in both adipogenic cell and matured adipocytes which were differentiated from sADSC (Fig. 7A) . Caffeine strongly suppressed the expression of Mfap5 mRNA during induction and after differentiation in all concentration (Fig. 7B ). In the case of DPHC, the and 50 ㎛/㎛ DPHC on day 14 of induction ( Fig. 7) .
The effects of caffeine and DPHC on the expression of glycoproteins
Bioglycan, decorin, and lumican are member of leucinerich proteoglycan. During adipogenesis of sADSC, the expression levels of Bgn mRNA kept same levels with noninduced sADSC (Fig. 8A) . However, caffeine suppressed the expression of Bgn mRNA in all concentration (Fig.   8B ). The expression of Bgn mRNA was suppressed on 50 ㎛/㎛ DPHC during adipogenesis. However, in the lower concentration than 50 ㎛/㎛, its expressions were not changed (Fig. 8C ). Comparing with caffeine the expression levels were significantly lower in 50 ㎛/㎛ DPHC on day 14 of induction ( Fig. 8 ).
During adipogenesis of sADSCs, Dcn mRNA expression was significantly decreased by adipogenesis in vehicle control (Fig. 9A) . Dcn mRNA expression levels were not changed until day 8 of induction but its expression was significantly decreased on day 14 of adipogenesis in all concentrations (Fig. 9B ). In the case of DPHC, the expression levels of Dcn mRNA were significantly increased in 10 ㎛/㎛ by induction. However, its expressions were suppressed in 50 ㎛/㎛ DPHC. The expression level at 14 days of induction in 50 ㎛/㎛ DPHC was similar with that of vehicle control (Fig. 9C ). In the case of Dcn mRNA expression, there was no difference between caffeine and DPHC on day 14 of adipogenic induction.
Lum mRNA was expressed in fully differentiated adipocyte which was induced from sADSCs ( Fig. 10A) . Caffeine suppressed the expression of Lum mRNA during induction and fully differentiated adipocyte (Fig. 10B) . 0.4 ㎛/㎛, 2 ㎛/㎛, and 10 ㎛/㎛ DPHC suppressed the expression of Lum mRNA expression during induction and fully differentiated adipocytes. In the case of 50 ㎛/㎛ DPHC, its expression was significantly suppressed during induction but was significantly increased in fully differentiated adipocytes (Fig. 10C) . The expression levels of Lum mRNA were significantly higher in 50 ㎛/㎛ DPHC than in caffeine groups (Fig. 10) . improving microcirculation, and reducing lipogenesis (Bertin et al., 2001; Hexsel et al., 2005; Lesser et al., 1999; Rossi & Vergnanini, 2000) . Some of them help to restore the normal structure of the subcutaneous tissue and acting as anti-free radials (Hexcel et al., 2005; Seiler et al., 1994) .
Collagens 1 through VI localize in a normal wild type fat pad. In mature adipocytes, collagens I, IV, and VI are abundantly expressed (Nakajima et al., 1998) , while collagens II and III has considerably lower expression levels in adipocytes (Khan et al., 2009 ). In the adipose tissue of ob/ob and the db/db mice, the expressions of ECM genes such as collagen VI are highly elevated (Khan et al., 2009) . Preadipocytes synthesize ECM componets in the subcutaneous adipose tissue of obese human after treatment of proinflammatory mediators (Henegar et al., 2008) . In this study, we found that the expressions of Col1a1, Col3a1, and Col6a1 were decreased during adipogenic induction and after differentiation of sADSC. protein is a component of the elastin-associated microfibrils.
The change in Mfap5 mRNA expression during weight reduction correlated positively with the change of body fat mass (Vaittinen et al., 2011) . In the case of msADSC, the expression levels of Mfap5 mRNA were decreased by adipogenesis induction. In the groups of caffeine and DPHC, the expression levels of Mfap5 mRNA were significantly lower than that of the vehicle control. However, it is unlike that the decrease of mRNA expression levels of Mfap5 mRNA is not depending on caffeine or DPHC. Dermal glycosaminoglycans increased in cellulite area and serve greater water binding sites (Curri, 1993) . The expression levels of biglycan correlates with inflammation of subcutaneous adipose tissue (Adapala et al., 2012) .
Biglycan is a leucin-rich repeat proteoglycan, consisted of protein core contaning leucin-rich repeat regions and two glycosaminoglycan (GAG) chains consisting of either chondroitin sulfate or dermatan sulfate. It found in the ECM of adipose tissue. Decorin is a leucin-rich proteoglycan (average 90-140 kD), consisted of a protein core containing leucine repeats with a glycosaminoglycan chain consisting of either chondroitin sulfate or dermatan sulfate.
Decorin is closely related in structure to biglycan protein.
They are a component of connective tissue, bind to type 1 collagen fibrils and play a role in matrix assembly.
Lumican also is a leucine-rich proteoglycan. Lumian may regulate collagen fibril organization and circumferential growth, corneal transparency, and epithelial cell migration and tissue repair. As previously known, during adipogenesis of msADSC, the expression of Bgn mRNA, Dcn mRNA and Lum mRNA were decreased. The expression of lumican increases significantly in the adipose tissue of gestational diabetic mellitus (Oliva et al., 2013) . In the case of decorin and biglycan, co-treatment of them with the proteoglycan fibronectin improves proliferation of preadipocytes (Ward & Ajuwon, 2011) . It is also known that biglycan activated inflammatory pathway in adipose tissue (Adapala et al., 2012) . Such results indicate that DPHC can be applied in keeping the stability of the ECM of adipogenic tissues. In addition, it is expected that DPHC may help to restore the normal structure of the subcutaneous adipose tissue.
